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faster than the op-
posite side). The 
l e s s  common 
unilateral form, 
type 1B, involves 
only one condyle, 
creating a progres-
sively worsening 
facial asymmetry. 
CH type 1 causes 
mandibular prog-
nathism (forward 
overdevelopment 
of the mandible). 
The onset of ac-
celerated man-
dibular growth 
usually occurs 
during puberty, 
and the man-
dibular growth 
can continue into 
the mid 20s but is 
self-limiting. This 
mandibular over-
growth can cause 
major jaw and fa-
cial deformities.

CH type 2 oc-
curs unilaterally 
and involves en-
largement of the 
condylar head; usually the condylar neck increases in thickness 
and the vertical height of the mandibular ramus and body in-

M

This study compared outcomes of two surgical methods for patients 
diagnosed with active condylar hyperplasia type 1. Group 1 (n = 12) was 
treated with orthognathic surgery only, while group 2 (n = 42) was treated 
with high condylectomies, articular disc repositioning, and orthognathic 
surgery. There was no statistically significant difference between the two 
groups for maximum incisal opening, lateral excursions, and subjective 
jaw function before surgery. Group 2 showed more active presurgical 
mandibular growth (P < 0.05). At long-term follow up, no differences were 
found in lateral excursions and subjective jaw function. Group 2 showed 
a greater increase in maximum incisal opening (P < 0.01) and stability 
(P < 0.05) at long-term follow-up. All of the patients in group 1 grew 
back into skeletal and occlusal Class III relationships requiring secondary 
intervention, whereas all patients in group 2 remained stable in a Class 
I skeletal and occlusal relationship. Thus, patients with active condylar 
hyperplasia treated with high condylectomy, articular disc repositioning, 
and orthognathic surgery had stable, predictable outcomes compared 
with those treated with orthognathic surgery only. The high condylectomy 
effectively arrests disproportionate mandibular growth while maintaining 
normal jaw function.

andibular condylar hyperplasia (CH) is a pathological 
condition that causes overdevelopment of the con-
dylar head and neck as well as the mandible, usually 
creating significant functional and aesthetic jaw and 

facial deformities (1–3). A number of different pathological 
entities can cause CH, with different effects on the dentofacial 
deformity. We have developed a simple classification to identify 
the various types of CH based on the frequency of occurrence, 
the types of jaw deformity created, and the surgical procedures 
necessary to get the best treatment outcomes.

CH type 1 is the most frequently occurring form and 
involves an accelerated growth rate of the “normal” growth 
mechanism of the mandibular condyle with relatively normal 
architecture of the condyle but elongation of the condylar head, 
neck, and mandibular body. This type, with a predominant hori-
zontal growth vector, causes the mandible to grow forward of the 
maxilla, creating a Class III occlusal and skeletal relationship, al-
though occasionally a vertical growth vector may occur (4). Type 
1A is the bilateral form of CH with symmetric growth (Figures 
1a–c, 2a–c, 3a) or asymmetric growth (one condyle growing 
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Figure 1. Case 1. (a–c) This 17-year-old female pre-
sented with symmetric mandibular prognathism due to 
active CH type 1. (d–f) The patient is seen 24 months 
after surgery, demonstrating good facial balance.
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Although we have previously demonstrated that mandibu-
lar setback surgery for correction of mandibular prognathism 
in nongrowing patients without active CH is a very stable 
procedure (5), numerous studies have reported relapse for 
mandibular setback ranging from 20% to 91% of the amount 
of posterior surgical movement (6–14). It is likely that this 
high percentage of relapse is in part due to unrecognized and 
untreated active CH type 1. Understanding the etiology of CH, 
nature of the deformity, clinical presentation, options available 
for treatment, and timing of treatment is required for achieving 
optimal treatment outcomes. 

In 1979, Wolford (15, 16) developed a technique to predict-
ably eliminate mandibular growth in CH type 1 by performing 
high condylectomies along with simultaneous orthognathic 
surgery to correct the associated jaw deformity. The high con-
dylectomy arrests the excessive and disproportionate growth 
of the mandible by surgically removing one of the important 
mandibular growth sites and the site responsible for the CH 
type 1 pathological growth process (4) (Figure 4).

Figure 2. Case 1. (a–c) The patient demonstrates a Class III occlusion before surgery. 
(d–f) At 24-month follow-up, the patient shows a very stable Class I occlusion.

Figure 3. Case 1. (a) The presurgical lateral cephalometric tracing demon-
strates a skeletal and occlusal Class III relationship. (b) The surgical predic-
tion tracing illustrates the procedures performed, including bilateral high 
condylectomies, repositioning of the articular discs, bilateral mandibular 
ramus osteotomies to set the mandible posteriorly into a proper relationship, 
and maxillary advancement.

creases on the ipsilateral side, often accompanied by a compen-
satory downward growth of the ipsilateral maxilla (4). CH type 
2 can occur at any age and is not self-limiting. CH type 2 can 
be caused by an osteochondroma, osteoma, or other rare forms 
of condylar enlargement (i.e., benign or malignant tumors of 
the mandibular condyle, hemifacial hypertrophy, etc.).

CH type 1 occurs much more frequently than clinicians re-
alize and is the most common form of CH. Failure to recognize 
this pathological entity can result in unfavorable functional 
and aesthetic treatment results following orthodontics and 
orthognathic surgery if the CH factors are ignored. However, 
this condition can be surgically treated effectively with highly 
predictable outcomes (4).

Figure 4. High condylectomy and disc repositioning surgery, with both lateral 
(top) and posterior (bottom) views. (a, b) The high condylectomy involves removal 
of the top 3 to 5 mm of the condylar head including the lateral and medial poles. 
(c, d) The TMJ articular disc has been repositioned over the condylar stump and 
secured in position using a Mitek mini anchor. Cortical bone will reform over the 
head of the condyle.ba
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Ninety-eight per-
cent of facial growth is 
completed by age 15 in 
females and by age 17 
or 18 in males. During 
the pubertal growth 
years, the mandible 
grows and lengthens 
from condylion to 
point B (Figure 5) at 
a yearly growth rate 
of 1.6 mm for females 
and 2.2 mm for males 
(17). Growth at a sig-
nificantly accelerated 
rate or for a prolonged 
postpubertal time in-
terval usually indicates 
active CH (4).

In a previous study 
(4), we evaluated 37 
patients with docu-
mented active CH 
type 1 divided into 
two groups based on 
treatment. Group 1 
patients (n = 12) 

were treated with orthognathic surgery only, and group 2 
patients (n = 25) were treated with high condylectomy, ar-
ticular disc repositioning, and orthognathic surgery. Group 
1 patients were older than group 2 patients (17.5 years vs 
16.7 years), but group 2 had a greater excessive mandibu-
lar growth rate (4.5 mm) during the year prior to surgery 
than group 1 (2.4 mm). After surgery, with an average of 
>5 years of follow-up, group 1 had additional mandibular 
growth of 3.5 mm compared with 0.8 mm in group 2, a 
statistically significant difference. Jaw function (MIO and 
excursive movements) were essentially equal after surgery 
in both groups. After surgery, all patients in group 1 grew 
into Class III skeletal and occlusal relationships, requiring 
additional surgical intervention for correction. All patients 
in group 2 maintained a stable Class I skeletal and occlusal 
relationship (4).

In this article, treatment outcomes and long-term 
follow-up stability from these two surgical methods are 
compared in a larger patient population with active CH 
type 1.

PATIENTS AND METHODS
The treatment records of patients diagnosed with active 

CH, treated by the senior author (Wolford) prior to 2000, 
were retrospectively analyzed. There were five criteria for 
inclusion in the study: 1) confirmed active CH type 1 based 
on serial clinical and radiographic evaluations (serial lateral 
cephalograms and lateral temporomandibular joint [TMJ] 
cephalometric tomograms); 2) bilateral or unilateral high 

condylectomy to remove the active growth center and articu-
lar disc repositioning for group 2; 3) orthognathic surgery to 
correct the associated dentofacial deformity; 4) at least 2 years 
of postsurgical follow-up; and 5) adequate clinical and radio-
graphic records for analysis. 

Fifty-four patients (36 females, 18 males) met the inclusion 
criteria. Group 1 patients (n = 12) were treated with orthog-
nathic surgery only, while group 2 patients (n = 42) had high 
condylectomy procedures, articular disc repositioning, and or-
thognathic surgery.

All patients underwent standardized clinical and radiograph-
ic examination at the following intervals: initial consultation 
(T1), immediate presurgery (T2), immediate postsurgery (T3), 
and longest follow-up (LFU) (T4). All clinical examinations 
were performed by a single clinician. Objective evaluation of 
TMJ function, maximum incisal opening (MIO), and lateral 
excursions were recorded on all patients. For group 2 patients, 
subjective evaluations were performed using numerical analog 
scales to assess TMJ pain, jaw function, and diet.

Lateral cephalograms at T1, T2, T3, and T4 were traced and 
superimposed to calculate presurgical growth change (T2 – T1), 
surgical change (T3 – T2), and long-term stability (T4 – T3). The 
lateral cephalometric radiographs were assessed on all patients for 
1) mandibular depth (Frankfort horizontal plane – nasion–point 
B line); 2) condylion-pogonion length; and 3) condylion–point 
B length (Figure 5). A calibration error test was performed for 

Table 1. Characteristics of patients treated for  
mandibular condylar hyperplasia type 1*

Group N Sex
Age (years)

(range)
Affected 

side

Follow-up (range)

Presurgical 
(months)

Postsurgical 
(years)

1 12
8 F,  
4 M

17.5  
(13 to 25)

12 bilateral
12.5

(5 to 43)
5.6

(2 to 11.2)

2 42
28 F, 
14 M

16.6  
(13 to 24)

24 bilateral 

18 unilateral

12.1

(4 to 45)

5.1

(2 to 16.9)

*Group 1 was treated with orthognathic surgery only; group 2 was treated with high condy-
lectomies, articular disc repositioning, and orthognathic surgery.

Table 2. Objective evaluation of patients treated for  
mandibular condylar hyperplasia type 1*

Group Time period

Maximum incisal 
opening 

(mm) (range)
Lateral excursions 

(mm) (range)

1 (n = 12)
Presurgical (T2) 46.8 (26 to 53) 7.0 (5 to 9)

Longest follow-up 
(T4)

46.7 (43 to 50) 7.5 (6 to 10)

2 (n = 42)
Presurgical (T2) 40.2 (26 to 49) 7.7 (3 to 10)

Longest follow-up 
(T4)

49.5† (31 to 62) 7.8 (4 to 12)

*Group 1 was treated with orthognathic surgery only; group 2 was treated with high condylec-
tomies, articular disc repositioning, and orthognathic surgery.

†Statistically significant at P < 0.01 level.

Figure 5. Cephalometric tracings identifying im-
portant landmarks used in this study: S, sella, 
midpoint of sella turcica; N, nasion, nasofrontal 
suture; FH, Frankfort horizontal plane, plane con-
structed at 7° to the sella nasion line through 
the infraorbital rim; Con, condylion, the most 
posterosuperior point on the posterior condylar 
head; B, point B, the most posterior point on the 
anterior mandible between the alveolar bone and 
chin; Pg, pogonion, most anterior point on the 
chin; MD, mandibular depth, the angle formed 
by the FH and nasion–point B line.

Surgical management of mandibular condylar hyperplasia type 1
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each parameter in 
10 different cephalo-
grams. The calibra-
tion showed a high 
correlation (r > 0.96) 
for both intra- and 
interoperator examin- 
ers, with a standard 
error of <0.45 for each 
parameter. Student’s t 
test was utilized to 
detect differences be-
tween groups and be-
tween time intervals, 
at a significance level 
of P ≤ 0.05.

RESULTS 
Patient charac-

teristics are shown 
in Table 1. Because 
the statistical analysis 
showed no significant sex differences or differences between 
unilateral and bilateral patients, the samples were pooled for 
subsequent analyses. 

Objective clinical data 
MIO and LE values before surgery (T2) and at LFU (T4) 

are shown in Table 2. Group 1 showed no significant change in 
MIO (P > 0.05), while group 2 showed a statistically significant 
increase (P < 0.01). There was no significant difference between 
the two groups when comparing lateral excursions before sur-
gery and at LFU.

Subjective clinical data
The form that gathers subjective clinical data is used 

only for patients that have TMJ surgery; it is not used 
for orthognathic surgery cases without TMJ symptoms 
or known TMJ pathology. None of the patients in 
group 1 had TMJ dysfunction or reported pain before 
surgery or at LFU, so subjective data were available 
only for group 2 patients. As shown in Table 3, TMJ 
pain was not a common symptom before surgery, and 
no statistically significant difference was found when 
comparing presurgical and LFU values. The average 
jaw function score improved slightly, from 3.4 to 2.1, 
but the difference was not statistically significant. No 
significant dietary restrictions were reported by any 
patient before surgery or at LFU.

Cephalometric data 
All patients in group 1 grew back into skeletal and 

occlusal Class III relationships and required secondary 
surgical intervention to correct the resultant deform-
ity. Only one patient in group 2 required secondary 
surgery, and that involved repeat maxillary surgery for 

Table 3. Subjective evaluation of group 2 patients treated  
for mandibular condylar hyperplasia type 1  

with high condylectomies, articular disc repositioning,  
and orthognathic surgery

Time period
Score (range)

TMJ pain Jaw function Diet
Presurgical (T2) 0.6 (0 to 2) 3.4 (0 to 5) 0.6 (0 to 1)
Longest follow-up 
(T4)

0.2 (0 to 2) 2.1 (0 to 5) 0.4 (0 to 1)

*All evaluations used a scale of 0 to 10. For temporomandibular joint (TMJ) pain, 0 = 
no pain, 10 = worst pain; for jaw function, 0 = normal function, 10 = no function; for 
diet, 0 = no restriction, 10 = liquids only.

Table 4. Cephalometric evaluation of patients treated for  
mandibular condylar hyperplasia type 1*

Group Difference

Result (range)

Mandibular 
depth (degrees) Co-Pg (mm) Co-B (mm)

1 (n = 12) 

T2 – T1 1.35 (–1 to 5) 2.4 (1 to 5) 2.3 (1 to 5)

T3 – T2 –4.1 (–1 to –7) –4.7 (–1 to –9) –4.8 (–3 to –12)

T4 – T3 2.8† (0 to 5) 3.5‡ (1 to 11) 3.6‡ (2 to 7)

2 (n = 42)

T2 – T1 2.1 (1 to 5) 4.6† (1 to 14) 3.7† (1 to 11)

T3 – T2 –4.8 (–1 to –7) –5.4 (–1 to –8) –5.5 (–1 to –10)

T4 – T3 0.6 (0 to 2) 0.6 (0 to 3) 0.3 (0 to 2)
*Group 1 was treated with orthognathic surgery only; group 2 was treated with high condylectomies, 
articular disc repositioning, and orthognathic surgery.

†Statistically significant at P < 0.05 level, comparing group 1 with group 2.
‡Statistically significant at P < 0.01 level, comparing group 1 with group 2.

T1 indicates initial consultation; T2, immediate presurgery; T3, immediate postsurgery; T4, longest 
follow-up; Co-Pg, condylion-pogonion length; Co-B, condylion–point B. Mandibular depth is the 
Frankfort horizontal plane – nasion–point B line.

Figure 6. Presurgical, surgical, and postsurgical changes in groups 1 and 2. Presurgically (T2 – T1), both groups showed a similar growth 
pattern, with group 2 being greater. Both groups received a similar treatment and achieved equal results immediately after surgery (T3 
– T2). At follow-up (T4 – T3), group 1 showed a statistically significantly higher postsurgical growth rate than group 2. T1 indicates initial 
cephalogram; T2, immediate presurgical cephalogram; T3, immediate postsurgical cephalogram; T4, longest follow-up cephalogram.

T1 Initial
T2 Pre Surg

T2 Pre Surg
T3 Post Surg

T3 Post Surg
T4 Long FwUp
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correction of postsurgical transverse maxillary relapse; the man-
dible, however, was stable at LFU.

For mandibular depth, there was no significant difference 
between the two groups when comparing growth before sur-
gery and the surgical change. However, there was a significant 
difference (P < 0.02) between the two groups in the amount 
of postsurgical change (T4 – T3), where some change may be 
related to occlusal splint removal at 4 to 6 weeks postsurgery 
with slight forward and upward rotation of the mandible and 
settling of the occlusion (Figure 6, Table 4). Condylion-pogo-
nion length and condylion–point B presurgical measurements 
showed a statistically significant difference (P < 0.05) between 
the two groups, with group 2 presenting greater active growth. 
A nonstatistically significant difference was seen when compar-
ing the surgical changes. 

DISCUSSION
CH type 1 results in a horizontal overdevelopment of the 

mandible and is usually termed symmetrical or deviated prog-
nathism, laterognathia, or mandibular hyperplasia. However, 
the basic cause of many mandibular prognathic cases is excessive 
mandibular growth originating in the mandibular condyles. CH 
type 1 occurred twice as often in females than in males in our 
study and occurred more often bilaterally rather than unilater-
ally. Patients usually demonstrate a Class I or mild to moderate 
Class III skeletal and occlusal relationship prior to onset of 
CH at puberty and develop into a Class III or worse Class III 
relationship, respectively, as the accelerated growth progresses 
(Figures 1a–c, 2a–c, 8a–c, 9a–c). CH type 1 rarely occurs in 
skeletal and occlusal Class II patients. Common clinical and 
radiographic characteristics are listed in Table 5. 

The differential diagnosis for CH type 1 includes 1) max-
illary hypoplasia; 2) mandibular prognathism without CH 
(patients start out as skeletal Class III in early childhood and 
maintain harmonious growth between maxilla and mandible, 
with cessation of growth at the normal ages); 3) dislocation of 
condyles anterior to the articular eminence; 4) dental inter-
ferences or habitual posturing causing anterior positioning of 
the mandible; 5) acromegaly; 6) macroglossia; 7) congenital or 
acquired facial asymmetry unrelated to the TMJ; and 8) other 
TMJ pathology such as osteochondroma, osteoma, or contra-
lateral condylar resorption. 

It is important to identify the type of pathology and growth 
pattern in mandibular CH and to determine if growth is in the 
active or inactive state. 

Growth patterns
The specific growth pattern of the condyle(s), in terms of 

magnitude, rate, and direction, can influence the timing of 
surgery and the type of corrective surgical procedures required. 
CH type 1A with bilateral involvement but an asymmetric dif-
ferential condylar growth rate or CH type 1B (unilateral) will 
develop mandibular transverse asymmetry toward the slower 
growing or nongrowing side. CH type 1 usually presents with 
a horizontal growth vector. A normal condyle is approximately 
15 to 20 mm in mediolateral dimension and 8 to 10 mm wide 

anteroposteriorly (33). Although the condyle usually retains a 
relatively normal architecture, an increased length of the con-
dylar head, neck, and mandibular body is commonly seen (2, 
3, 19–21). 

CH type 1 is often undiagnosed because of the general 
lack of understanding of clinicians that this aberrant prolonged 
condylar growth pattern can create mandibular prognathism. 
It is often perceived that mandibular prognathism is associated 
with growth disturbances in the mandibular body. Although the 
mandibular body and alveolar bone are affected, the primary 
stimulus creating the deformity is the result of the accelerated 
and prolonged “normal” growth mechanism of the mandibular 
condyle(s). The high condylectomy stops forward growth of 
the mandible, with only normal appositional growth remain-
ing at pogonion and vertical alveolar growth if the surgery is 
performed before normal facial growth is completed (4, 15).

Determining active growth
Active CH type 1 growth can usually be determined by 

worsening functional and aesthetic changes with serial assess-
ments (preferably at 6- to 12-month intervals) consisting of 
1) clinical evaluation; 2) dental analysis with orthodontically 
trimmed models or articulator-mounted models in centric rela-
tion; and 3) radiographic evaluation by superimposition includ-
ing lateral cephalometric radiographs, frontal cephalometric 
radiographs (particularly helpful in unilateral CH cases), and 

Table 5. Common clinical and radiographic characteristics  
observed in bilateral, symmetrically growing  

condylar hyperplasia type 1 patients 

1. Increased length of the condylar head and neck, without a significant 
volumetric increase in the size of the condylar head

2. Mandibular growth occurring at an accelerated rate

3. Mandible continuing to grow beyond the normal growth years

4. Worsening Class III skeletal and occlusal relationship

5. Worsening aesthetics

6. Obtuse gonial angles

7. Decreased angulation of lower incisors and increased angulation of 
upper incisors (dental compensations)

8. Decreased vertical height of the posterior mandibular body

9. High mandibular plane angle

10. Narrow anteroposterior and mediolateral dimensions of the rami and 
symphysis in more severe cases

Additional characteristics in asymmetric cases:

1. TMJ articular disc displacement and arthritis on the contralateral side 
as a result of increased loading of that joint caused by the condylar 
hyperplasia on the opposite side

2. Worsening facial and occlusal asymmetry, with the mandible progres-
sively shifting toward the contralateral side

3. Unilateral posterior cross-bite on the contralateral side

4. Transverse bowing of the mandibular body on the ipsilateral side

5. Transverse flattening of the mandibular body on the contralateral side

Surgical management of mandibular condylar hyperplasia type 1



	 Baylor University Medical Center Proceedings	 Volume 22, Number 4326

lateral cephalometric tomograms that include the TMJ, man-
dibular ramus, and body. 

Bone scanning with technetium-99m pyrophosphate or 
technetium-99m methylene diphosphonate has been advocat-
ed to detect active growth in the condyle (22–26). This may 
be most effective in unilateral cases, especially if applied after 
the normal growing years when condylar growth should have 
ceased. However, the senior author has not found bone scans 
diagnostic in most cases and therefore does not recommend 
the use of bone scans for CH type 1 patients. Normal condyles  
have increased uptake with bone scanning, and the rate of 
accelerated growth may not be detectable. Furthermore, in 
asymmetric CH types 1A and 1B, the contralateral TMJ may 
present with arthritic condylar changes, a displaced articular 
disc, and associated inflammation that may also present with 
increased isotope uptake, rendering the bone scan inconclu-
sive. In our experience, we have found bone scans to be in-
conclusive in younger patients, in patients with slow-growing 
CH, and in patients with coexisting disc displacement on the 
contralateral side. Hand-wrist films are of no value in CH 
since the mandible can continue to grow well beyond the 
normal growth years. 

Etiology and histology
The identification of sex hormone receptors in and around 

the TMJ and the pubertal onset of CH type 1 strongly suggest 
a hormonal influence in the etiology. Trauma (27–31), infection 
(1, 27, 32, 33), heredity (3, 34–38), intrauterine factors (28, 39, 
40), and hypervascularity (38, 41) have also been implicated as 
causative factors for CH type 1 and type 2. Approximately one 
third of bilateral CH type 1 cases have a familial history (34).

Histological observations of CH type 1 condyles may appear 
very similar to normal bony architecture. In other cases, the pro-
liferative layer may demonstrate greater thickness in some areas 
and less in others, and cartilage-producing cells may be prominent 
at the lower border (Figure 7). In some regions, the cartilage may 
be thickened, actively generating, and replaced by new bone. The 

Figure 7. The condylar histology of CH type 1 appears similar to normal growing 
condyles. There can be prominences of cartilage-producing cells (A) at the lower 
border of the proliferative layer. Hematoxylin and eosin stain, ×100.

activity of the proliferative layer may regulate the rate at which the 
condyle and condylar neck (which is formed from the condyle 
by remodeling) will grow. In normal condyles, the formation 
of cartilage from the proliferative layer and the replacement of 
cartilage by bone cease by approximately 20 years of age. The 
marrow cavity is entirely occluded from the remaining cartilage 
by the closure of the bone plate. The inability of this plate to close 
in the presence of an active proliferative cartilage layer may be a 
major etiological factor in CH type 1 and may correlate to our 
observation that cessation of growth related to CH type 1 may 
not occur until the mid 20s (4). Conditions that initiate excessive 
accelerated unilateral mandibular growth after the age of 20 are 
most often related to an osteochondroma, osteoma (CH type 2), 
or other rare types of proliferative condylar pathology. 
 
Treatment options

Cases with arrested CH type 1 (in which the abnormal con-
dylar growth has stopped and is now stable) can usually be treated 
with routine orthodontics and orthognathic surgery. The basic 
orthodontic goals for CH type 1 are to align and level the teeth 
over the basal bone in each jaw independently and remove dental 
compensations, regardless of the magnitude of skeletal and dental 
malalignment. However, active CH type 1 cannot be controlled 
with orthodontics or orthopedic mechanics. There are three 
surgical treatment options for active CH type 1 patients. Based 
on our extensive experience and supported by the results of this 
study, our treatment choice is option #1. 

Treatment option #1. Surgically eliminate further mandibular 
CH growth with a high condylectomy (removing 3 to 5 mm of 
the superior aspect of the condylar head including the medial 
and lateral poles) (Figures 3b, 4, 10b) and simultaneous orthog- 
nathic surgery (4); this was the treatment used for all patients in 
group 2. The TMJ articular disc is repositioned and stabilized 
to cover the articulating surface of the “new” condyle. Cortical 
bone reforms over the top of the condyle. We prefer to use the 
Mitek mini anchor (Mitek Inc., Norwood, MA) with artificial 
ligaments to stabilize the articular disc to the condyle (42–44). 
The high condylectomy and disc repositioning procedure can 
be combined with one-stage simultaneous orthognathic surgery 
to correct the jaw deformity that will include mandibular ramus 
osteotomies and, when indicated, maxillary osteotomies (Figures 
3b, 10b) (4, 45, 46). In CH type 1B cases, the contralateral TMJ 
may demonstrate a displaced articular disc and arthritis secondary 
to the physiological overload of the joint created by the ipsilateral 
CH. In these cases, the contralateral disc must be repositioned 
and stabilized with a Mitek anchor for joint stability at the same 
operation. Following this protocol, highly predictable outcomes 
can be achieved (Figures 1d–f, 2d–f, 8d–f, 9d–f). Less experienced 
surgeons can perform this procedure in two surgical stages: the 
high condylectomy and disc repositioning can be performed as 
stage 1, followed by orthognathic surgery at a second stage. 

Treatment option #2. Defer corrective surgery until growth 
is complete, which often means delaying surgery until the mid 
20s. Consequently, the patient may suffer from functional 
problems (mastication, speech), worsening facial disfigurement, 
pain, and psychosocial stigmas associated with a severe facial 
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deformity (3, 13). Additionally, the magnitude of the deform-
ity, if allowed to fully manifest by this delay in treatment, may 
preclude an optimal result later. CH type 1 growth may result 
in severe deformation of the mandible as well as compensatory 
changes in the maxilla, dentoalveolus structures, and associated 
soft tissue structures, significantly compromising the subsequent 
surgical treatment outcome. 

Treatment option #3. Perform only orthognathic surgery dur-
ing active CH type 1 growth, with consideration for overcor-
rection of the mandible. The accelerated mandibular condylar 
growth will continue after surgery, and repeat surgery will be 
needed if the estimated overcorrection is greater or less than 
necessary. Early intervention may benefit the patient, relative to 
function, aesthetics, and psychosocial concerns. With this option, 
surgery is best performed after the majority of maxillary growth is 
complete (15 years in females and 17 to 18 years in males) to help 
facilitate the estimation of overcorrection necessary. In our study, 
group 1 patients were treated with only orthognathic surgery and 
were placed in the best occlusion fit at the time of surgery. All 
the patients in group 1 grew into a Class III occlusal and skeletal 
relationship and required additional surgical intervention.

When orthognathic and TMJ surgeries are performed at  
one operation, we recommend using the sagittal split ramus  
osteotomy for the mandible since it provides positional con-

trol of the ramus 
and condyle, 
maintains max-
imal soft tissue 
attachment and 
vascularity to the 
proximal seg-
ment, and allows 
easy application 
of rigid fixation. 
The high con-
dylectomy pro-
cedure will alter 
the position of 
the mandible to 
the maxilla since 
vertical height 
of the condyle is 
removed. There-
fore, following 
the TMJ surgery, 
we perform the 
mandibular ra-
mus sagittal split 
osteotomies with 
rigid fixation to 
place the mand-
ible into its pre-
determined final 
position relative 
to the unoper-
ated maxilla. 

Thus, it doesn’t matter how much the mandible is displaced 
with the high condylectomy procedure; the mandible is still 
placed in the same final position. Then the maxillary osteoto-
mies with application of rigid fixation are completed (Figures 
3b, 10b) as well as any other additional procedures (i.e., turbi-
nectomies, nasoseptoplasty, genioplasty, rhinoplasty, etc.) (4, 45, 
46). After surgery, intermaxillary fixation is not used, but light 
elastics are applied (usually in a slight Class III vector initially) 
to control the occlusion, minimize edema in the joint(s), and 
provide support to the muscles of mastication. The elastics may 
be used for 1 to 2 weeks or longer as required for occlusal control 
and to initiate postsurgical orthodontic finishing mechanics 
(47). Other mandibular ramus osteotomy techniques such as 
the inverted L or vertical ramus osteotomies require increased 
stripping of periosteum and musculature, with greater risk for 
vascular compromise of the proximal segment, besides causing 
difficulties with positional control of the condyle and the neces-
sity for intermaxillary fixation, as well as stability problems if 
maxillary osteotomies are required.

Surgical correction of bilateral CH type 1 (symmetric or 
asymmetric) with simultaneous orthognathic surgery can pre-
dictably be performed from the age of 14 years in females and 
16 years in males. The vector of facial growth will change to a 
downward and backward direction because the anteroposterior 
mandibular growth is arrested, but the maxillary vertical alveolar 
growth will continue until maturation. In unilateral cases, we 
recommend delaying surgery until the age of 15 years for fe-
males and 17 to 18 years for males, since most of the normal 
facial growth is complete by that time. A unilateral high con-
dylectomy will arrest growth on the operated side, but normal 

Figure 9. Case 2. (a–c) The patient demonstrates a Class III occlusion before 
surgery. (d–f) At 52-month follow-up, the patient shows a very stable Class I 
occlusion.

Figure 8. Case 2. (a–c) This 21-year-old woman pre-
sented with symmetric mandibular prognathism due to 
active CH type 1. (d–f) The patient 52 months after sur-
gery, demonstrating good facial balance and stability.
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Figure 10. Case 2. (a) The presurgical lateral cephalometric tracing demonstrates a skeletal and 
occlusal Class III relationship of the ramus. (b) The surgical prediction tracing illustrates the surgical 
procedures performed, including bilateral high condylectomies, repositioning of the articular discs, 
bilateral mandibular ramus osteotomies to set the mandible posteriorly into a proper relationship, 
and maxillary advancement.

growth can continue on the contralateral side and could cause 
development of facial and occlusal asymmetry after surgery if the 
surgery is performed while normal growth is still occurring. 

CONCLUSIONS
The results from our study demonstrate that the high con-

dylectomy (with removal of the top 3 to 5 mm of the condylar 
head) in the treatment of active CH type 1 patients arrests the 
abnormal growth and provides highly predictable long-term 
outcomes. All the group 1 patients (n = 12) with active CH 
treated with orthognathic surgery only grew into Class III oc-
clusal and skeletal relationships and required additional surgical 
intervention to correct the resultant malocclusion. On the other 
hand, the patients in group 2 (n = 42) remained stable in a Class 
I skeletal and occlusal relationship, with the exception of one 
case that involved postsurgical maxillary transverse relapse and 
the development of bilateral posterior cross-bites, requiring a 
secondary maxillary surgical intervention, but the mandible 
remained stable. None of the patients in group 2 demonstrated 
any significant postsurgical mandibular growth, except for ex-
pected appositional growth at pogonion. Long-term follow-up 
revealed no undesirable changes in the subjective and objective 
jaw function, with maintenance of MIO and lateral excursion 
values. No patient reported any significant TMJ pain or dietary 
restrictions at LFU. 

1.	 Adams R. The disease in the temporomandibular articulation or joint of the 
lower jaw. In A Treatise on Rheumatic Gout or Chronic Rheumatic Arthritis 
of All the Joints, 2nd ed. London: Churchill, 1873:271.

2.	 Rushton MA. Unilateral hyperplasia of the mandibular condyle. Proc Roy 
Soc Med 1946;39:431–438. 

3.	 Bruce RA, Hayward JR. Condylar hyperplasia and mandibular asymmetry. 
J Oral Surg 1968;26(4):281–290.

4.	 Wolford LM, Mehra P, Reiche-Fischel O, Morales-Ryan CA, Garcia-Mo-
rales P. Efficacy of high condylectomy for management of condylar hyper-
plasia. Am J Orthod Dentofacial Orthop 2002;121(2):136–150; discussion 
150–151. 

11.	 MacIntosh RB. Experience with the sagittal osteotomy of the mandibular 
ramus: a 13-year review. J Maxillofac Surg 1981;9(3):151–165.

12.	 Komori E, Aigase K, Sugisaki M, Tanabe H. Skeletal fixation versus skeletal 
relapse. Am J Orthod Dentofacial Orthop 1987;92(5):412–421.

13.	 Bailey LJ, Duong HL, Proffit WR. Surgical Class III treatment: long-
term stability and patient perceptions of treatment outcome. Int J Adult 
Orthodon Orthognath Surg 1998;13(1):35–44.

14.	 Mobarak KA, Krogstad O, Espeland L, Lyberg T. Long-term stability of 
mandibular setback surgery: a follow-up of 80 bilateral sagittal split osteot-
omy patients. Int J Adult Orthodon Orthognath Surg 2000;15(2):83–95.

15.	 Wolford LM, LeBanc J. Condylectomy to arrest disproportionate man-
dibular growth. Abstract presented at the American Cleft Palate Associa-
tion Meeting, New York, 1986.

16.	 Wolford LM, Reiche-Fischel O. Efficacy of high condylectomy for con-
dylar hyperplasia. Abstract presented at the American Association of Oral 
and Maxillofacial Surgeons 79th annual meeting and scientific sessions, 
Miami, FL, 1996. 

17.	 Riolo ML, Moyers RE, McNamara JA, Hunter WS. An Atlas of Cranio-
facial Growth: Cephalometric Standards from the University School Growth 
Study, The University of Michigan. Ann Arbor, MI: University of Michigan, 
1974:105–106.

18.	 Lindblom G. On the anatomy and function of the temporomandibular 
joint. Acta Odontol Scand 1960;17:7–287.

19.	 Eve FS. Hypertrophy of the condyle of the lower jaw. Trans Path Soc Lond 
1883;34:167–172.

20.	 Obwegeser HL, Makek MS. Hemimandibular hyperplasia—hemimand-
ibular elongation. J Maxillofac Surg 1986;14(4):183–208.

21.	 Hampf G, Tasanen A, Nordling S. Surgery in mandibular condylar hy-
perplasia. J Maxillofac Surg 1985;13(2):74–78.

22.	 Beirne OR, Leake DL. Technetium 99m pyrophosphate uptake in a case 
of unilateral condylar hyperplasia. J Oral Surg 1980;38(5):385–386.

23.	 Cisneros GJ, Kaban LB. Computerized skeletal scintigraphy for assessment 
of mandibular asymmetry. J Oral Maxillofac Surg 1984;42(8):513–520.

24.	 Murray IP, Ford JC. Tc-99m medronate scintigraphy in mandibular con-
dylar hyperplasia. Clin Nucl Med 1982;7(10):474–475.

25.	 Matteson SR, Proffit WR, Terry BC, Staab EV, Burkes EJ Jr. Bone scan-
ning with 99mtechnetium phosphate to assess condylar hyperplasia. Report 
of two cases. Oral Surg Oral Med Oral Pathol 1985;60(4):356–367.

26.	 Robinson PD, Harris K, Coghlan KC, Altman K. Bone scans and the 
timing of treatment for condylar hyperplasia. Int J Oral Maxillofac Surg 
1990;19(4):243–246.

27.	 Rushton MA. Growth at the mandibular condyle in relation to some 
deformities. Br Dent J 1944;76:57–68.

a b

5.	 Fuselier JC, Freitas RZ, Wolford LM. Mandibular  
setback procedures with sagittal split osteotomies  
in non-growing patients. J Oral Maxillofac Surg 
1999;57:94–95. 

6.	 Phillips C, Zaytoun HS Jr, Thomas PM, Terry BC.  
Skeletal alterations following TOVRO or BSSO 
procedures. Int J Adult Orthodon Orthognath Surg 
1986;1(3):203–213.

7.	 Ingervall B, Thüer U, Vuillemin T. Stability and effect 
on the soft tissue profile of mandibular setback with 
sagittal split osteotomy and rigid internal fixation. Int J 
Adult Orthodon Orthognath Surg 1995;10(1):15–25.

8.	 Schatz JP, Tsimas P. Cephalometric evaluation of 
surgical-orthodontic treatment of skeletal Class III 
malocclusion. Int J Adult Orthodon Orthognath Surg 
1995;10(3):173–180.

9.	 Proffit WR, Phillips C, Dann C 4th, Turvey TA. Sta-
bility after surgical-orthodontic correction of skeletal 
Class III malocclusion. I. Mandibular setback. Int J 
Adult Orthodon Orthognath Surg 1991;6(1):7–18.

10.	Reitzik M. Skeletal and dental changes after surgical  
correction of mandibular prognathism. J Oral Surg 
1980;38(2):109–116.



October 2009 329

28.	 Rushton MA. Unilateral hyperplasia of the jaws in the young. Int Dent J 
1951;2:41–76.

29.	 Jacobsen PU, Lund K. Unilateral overgrowing and remodelling processes, 
after fracture of the mandibular condyle. Longitudinal radiographic study. 
Trib Odontol (B Aires) 1974;58(1):68–74.

30.	 Gordon S, Antoni A, Booker RE. Acquired unilateral condylar hypertro-
phy. J Can Dent Assoc 1957;23:76–80.

31.	 Burch RJ, Shuttee TS. Unilateral hyperplasia of left mandibular condyle 
and hypoplasia of body of right side of mandible: report of case. J Oral 
Surg Anesth Hosp Dent Serv 1960;18:255–258.

32.	 Gruca A, Meisels E. Asymmetry of the mandible from unilateral hyper-
trophy. Ann Surg 1926;83(6):755–767.

33.	 Thoma KH. Hyperostosis of the mandibular condyle with report of two 
cases. Oral Surg 1945;31:597–607.

34.	 Gottlieb OP. Hyperplasia of the mandibular condyle. J Oral Surg 
1951;9:118–135.

35.	 Rowe NL. Aetiology, clinical features and treatment of mandibular de-
formity. Brit Dent J 1960;108:41–64.

36.	 Broadway RT. Two cases of unilateral hyperplasia of the mandibular con-
dyle. Proc R Soc Med 1958;51(9):691–693.

37.	 Dingman RO, Grabb WC. Mandibular laterognathism. Plast Reconstr 
Surg 1963;31:563–575.

38.	 Walker RV. Condylar abnormalities. In Transactions of the 2nd Congress of 
the International Association of Oral Surgeons. Copenhagen: Munksgaard, 
1967:81–96.

39.	 Parmelee AH. Molding due to intrauterine pressure; facial paralysis prob-
ably due to such molding. Am J Dis Child 1931;42:1155–1161.

40.	 Gerry RG, Sangstone RE. Congenital mandibular deformities in newborn 
infants. Am J Orthod 1946;32:439–444.

41.	 Oberg T, Fajers CM, Lysell G, Friberg U. Unilateral hyperplasia of the 
mandibular condylar process. A histological, microradiographic, and auto-
radiographic examination of one case. Acta Odontol Scand 1962;20:485–
504.

42.	 Wolford LM, Cottrell DA, Karras SC. Mitek mini anchor in maxillofacial 
surgery. In Proceedings of SMST-94 of the First International Conference 
on Shape Memory and Superelastic Technologies. Monterey, CA: MIAS, 
1995:477–492.

43.	 Wolford LM. Temporomandibular joint devices: treatment factors 
and outcomes. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
1997;83(1):143–149.

44.	 Mehra P, Wolford LM. Use of the Mitek anchor in temporomandibular 
joint disc-repositioning surgery. Proc (Bayl Univ Med Cent) 2001;14(1):22–
26.

45.	 Wolford LM. Concomitant temporomandibular joint and orthognathic 
surgery. J Oral Maxillofac Surg 2003;61(10):1198–1204.

46.	 Wolford LM. Clinical indications for simultaneous TMJ and orthognathic 
surgery. Cranio 2007;25(4):273–282.

47.	 Wolford LM. Postsurgical patient management. In Fonseca RJ, Marciani 
RD, Turvey TA, eds. Oral and Maxillofacial Surgery, 2nd ed. Philadelphia: 
Saunders, 2008:Vol. III, Chap. 19, 396–418.

Surgical management of mandibular condylar hyperplasia type 1


